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The linear correlations of J(13C-H) with group electronegativities
(EPhY-) and with orbital electronegativities (X¥) have been presented for
11 aromatic methyl compounds ( Ph-Y-CH3 ) and a new correlation between

J(lSC-H) and Gordy’s effective nuclear charge ( 1+n* ) was found.

Linear correlations have been reported between J(13C-H) values and atom electro-

negativities of the substituents in substituted methanes,l) 2)

3)

ethylenes, and acety-
lenes.
The variations in J(13C-H) values have been discussed to be mainly proportional

4)

to the s-character in the C-H bond, and to depend on the effective nuclear charges

of the carbon atom in halomethanes.5’6)

Recently, Rock and Hammaker7)have suggested
that the increase in substituent electronegativities is responsible for the increase
in effective nuclear charge of the carbon 2s orbital. However, the changes in
hybridization and effective nuclear charge may not really be completely separable.

In order to obtain qualitative information for these two factors, we attempted
to observe the relationships between JCISC-H) and the substituent group electro-
negativities (Ephy_)g) or orbital electronegativities (X¥) in aromatic methyl com-
pounds ( Ph—Y—CH3 ), because the group electronegativities have been defined as the
boundary potential of effective nuclear charge acting on the valence electronsg)and
orbital electronegativities have been found to be linearly related to the amounts of
s-character in the hybride orbitals.lo)

Observed and available J(13C-H) datall) for aromatic methyl compounds and
respective electronegativities are listed in Table 1. In the calculation of group

8)

electronegativities, we used a formula analogous to that used by Wilmshurst, and
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used Gordy’s atom electronegativitiesg) for each atom of substituents Y.

The linear plots between J(lSC-H) and Eppy. were observed indicating a trend

of different slopes with periodic table variation. This trend is in qualitative

Table 1. g3

C-H) values( in CC14) for the side chain methyl
groups in aromatic compounds ( C6H5YCH3 ), group electronegativities

( EPhY- ), and orbital electronegativities|( X¥ ).

No. System J(3c-m Ephy- X¥ (eV) (1+n*) reference
( Hz )
1. CgHgCH 125.8 2.728) 17.58 5.022 lla
126.2 12
2. C6H5C(CH3)3 125.5 2.50 15.95 3.961 11a
3. CgHgCOCH 127.1 2.56 17.58 3.644 13
4. C6H5N(CH3)2 134.6 3.17 23.08 5.034 12
134.45 1lla
5. CgH OCH; 143.0 3.84 30.50 6.120 lla, 13
6. CgH COOCH, 146.7 4.13 33.47 6.727 13
7. CgHgSCH7 139.2 2.58 20.27 5.973 11b, 13
8. C6H5P(CH3)2 128.5 2.16 17.80 4.891 11b
9. C6HSSi(CH3)3 119.2 1.77 14.59 3.801 11b
119.5 llc
119.1 12
10. C6H5As(CH3)2 132.2 2.00 - 4.856 11b
11. C6H5Ge(CH3)3 125.4 1.72 - 3.788 11b
a) From a least square analysis between Wilmshurst’s group electro-

negativities EX(group) and J(13C-H) for aliphatic compounds ( CHSX )

in Table 1 of the paper of Douglas,14) we found a linear equation
) 13~ -

as the form: J{s C-H) 15.52 EX(group) + 83.53

Substituting J(~°C-H) value( =125.8 Hz ) for toluene into the above

empirical formula, we obtained 2.724 as the phenyl group electro-

negativity( EPh- ).
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agreement with that in the aliphatic series.14) The results treated with Eq. (1)
13
J(7C-H) = a * Eppy. + ¢ (1)
are summarized in Table 2. The linearity may substantiate qualitatively the pre-

vious conclusion.5'7)

A linear correlation between J(13C-H) and orbital electronegativities (X¥) of

the substituent was also found with success( Eq.(2) ). A trend of periodic table
J(lsc-H) = B . X¥ + c? (2)
variation in slopes was also observed. The X¥ values listed in Table 1 are the

orbital electronegativities for the first atom of the substituent Y bonded to methyl
group, i.e., 17.58 eV for the carbon atoms of both phenyl group in toluene and
carbonyl group in acetophenone, and 33.47 eV for ester oxygen of carboxyl group in
methyl benzoate. The results treated with Eq.(2) are shown in Table 2. Eq. (2)
may suggest that the increase in J(13C-H) with increasing orbital electronegativities
or s-character of substituent Y is caused by an increase in p-character of the methyl
carbon orbital used in bonding to the substituent and, consequently, leads to in-
crease in the s-character of the carbon-hydrogen orbital. We also used the group
orbital electronegativities of ﬁuheey,ls) but the attempt has proved unsuccessful( r=
0.83 ).

We found further a new important linear relationship between J(13C-H) and the

electronic term( 1+n*)8)

of group electronegativities( EPhY- ), where n* is the
number of valence electron on atom Y in the group PhY- and ( 1+n*) relates to the
effective nuclear charge( Z ¢ ).9) The ( 1+n*) values are shown in Table 1.
The results treated with Eq.(3) are presented in Table 2. A trend of periodic
table variations in slopes was not observed. We also found that Eq.(3) is applicable
to substituted methanes ( y=8.43, <¢’’=81.7 Hz, 1r=0.984, n=19 ).

g(P3-m) =y (14n*) + ¢ (3)

16) reported a linear correlation between J(13C—H) and the product

Recently, Yue
of electronegativity and bond length( EXX Ty.C ) in 19 substituted methanes.
According to Gordy’s electronegativity theorem,s) the product( Exx Ty.C ) may be

qualitatively proportional to ( 1+n* ).
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Table 2. The least square analysis of Eqs. (1), (2), and (3).

Eq. Y a,B ory c,c’or c’’ ra) Sb) nc)
(n 2nd period 13.25 92.1 0.993 1.222
3rd period 24.58 75.7 1.000 0.316
4th period 24.29 83.6 - -
(2) 2nd period 1.23 105.1 0.998 0.658 6
3rd period 3.49 67.7 0.997 1.020 3
(3) 2nd, 3rd and 7.43 95.2 0.920 3.494 11

4th periods

a) Correlation coefficients. b) Standard deviation. c) Number of compounds.
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